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Abstract

The validity of the equipercentile hypothesis of the TIERS norm referenced

evaluation model was examined using 3,224 severth and ninth grade students.

The California Achievement Test, Reading, was administered as a pretest

and a posttest. The equipercentile hypothesis predicts that the posttest

percentile s.tatus would be the same as the pretest percentile status for

students not receiving special educational programs. Students' gains at

ten different achievement levels were evaluated employing the norm

reference4 model. Confidence interval procedures were used. The find-

ings contradicted the equipercentile hypothesis. There was a clear

pattern of large gains for students not receiving any special educational

instruction.
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A Test of the Equipercentile Hypothesis

of the TIERS Norm-Referenced Modell

Estimating the achievement gains of students between pre- and post-

tests for the purpose of evaluating the effectiveness of eofucational,

Ca'

programs is perhaps one of the most widely used evaluation models in

American education. Called the norm-referenced model or Model A in the

federally-mandated Title I Evaluation and Reporting System (TIERS), this

model is used to evaluate theTrogress of approximatery 99 percent of

students participating in Title I--the largest federally-funded program

for educationally disadvantaged students (Linn, Dunbar, Harnisch, &

Hastings, 1982).

The norm-referenced model is based on a strong assumptionthe equi-
.

percentile assumptionwhich specifies that without special supplementary

programs such as those funded through Title I, students' posttest.per-

centile status would remain the same as their pretest percentile status.

The equipercentile assumption was defined by Tallmadge and Wood (1976,

p. 4) as follows:

When tests with national norms are used, the no-treatment

expectation is found by determining the percentile status of

the treatment group at pretest time. It is assumed that,

withoutthe Title I treatment, the status of the group at

posttest time would be the same as it was at pretest time.

Therefore, witHin the purview of the norm-referenced model, increases in

percentile rank reflect gains due to programmatic effect. Perhaps because
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the equipercentfle assumption is so intuitively appealing, there has been

only limited research testing the validity of this key assumption of the

TIERS norm-referenced model.

It has been noted that the equipercentile assumption has minimal

empirical supPdrt (Horst(TallMadge, & Wood, 1975) and theoretical support
1

.4tY

CEchternacht, 1978). Kaskowitz and Norwood (1977) found a tendency for

the equipercentile curve to underestimate expected posttest scores for

extremely.low pretest scores and to overestimate posttest scores for

extremely high pretest scores. Van Hove, Coleman and Karweit (1970) using

cross-sectional data reported considerable changes in percentile ranks

across time. Echternacht (1978), using Monte Carlo techniques-to simulate

test and learning behavior, tentatively concluded that Model A over-

estimated the treatment effect.

Tallmadge (1982) examined the norm-referenced model employing data

files from the Sustaining Effects Study (SES) and the national norming of

the California Achievement Tests (CAT). A major focus of his study was on

the norm-referenced gain estimates of low achieving students in Grades 2,

4, and 6 from fall to spring. Although gain estimates varied from -.34

NCE to 2.62 NCE for different size Local Education Agencies and from -2.21

(city) to 8.33 (large city), Tallmadge reported
that overall there was a

positive bias of about 1 NCE for Title I groups.

While Tallmadge's study (1982) is enlightening, there were some limi-

tations to the inferences that could bcs drawn about norm-referenced gains

because (1) the SES analysis employed an on-level selection test and post-

test and a beloW-level pretest, (2) in the CAT analyses three to four
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combinations of forms and levels of the CAT were used for the pretest,

(3) in the CAT analyses, norm-referenced gains were calculated for gtoups

which formed a substantial portion of the norms they were compared to,

and (4) the correlations between the selection test and pretest and post-

test were not calculated.

The following are the rules for implementation of the norm-referenced

model (Model Al) as specified in Tallmadge and Wood (1976, pp. 40-41):

(1) a nationally normed achievement test should be administered as a pre-

test and posttest, (2) whenever possible, the same level and form of the

test shoufd be administered as a pretest and posttest, (3) participants

must not he Chosen on the basis of their pretest scores, (4) participants

should be tested on a level of the test appropriate to their functional

level, and (5) all testing should be accomplished within twooweeks of the

empirical norming dates. However, Tallmadge and Wood (1976) added that

interpolated norms could be used: "By interpolating between the surround-

img data points, testing times can be extended from September 8 to October ,

22 and March 26 to May 7." (p. 41)

The purpose of the present study was to test the equipercentile

hypothesis using a sample of students from school's which did not participate

in special supplementary educational programs'. Some of the research

hypotheses which will be onsidered in this study are: Will the equi-

percentile hypothesis hold at ten different levels of achievement?- If the

equipercentile hypothesis does not hold, will:larger biases occur with the

more extreme groups? Will biases occur when a selection test is admin-

istered two years before the pretest? Essentially, the present study is a
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test of the following null hypothesis: if the equipercentile hypothesis

is valid and the requirements of the norm-referenced model are adhered tb,

students not receiving special supplementary educational progrvams will not

be expected tb show gains in achievement over time relative to national

norms.

Method

4

Sample

The samp1e consisted of 3,224 seventh and ninth grade students attend-

ing nine junior high schools and seven high nchools in a metropolitan

school district'in the Southwest with an enrollment of approximately 51,000
4

students. All students with complete data sets (selection test, pretest,

and posttest) were included in the sample. None of these schools partici-
,

pated in projects funded through Title I of the Elementary and Secondary

Education Act (ESEA) or the Emergency School Aid Act (ESAA). The sample

included 48% males and 527. females. The ethnic composition of the sample

was 17 Americanjndian, 4% Black, 2% Asiaft17% HisPanic, and 757. Anglo

(non-Hispanic Caucasians). The ethnic composition of the national norm

group consisted of 15% Blacks, 10% Hispanics and 75% Others.

Instrumentation

The selection tests which were administered two years before the pre-

tests were the following: (1) seventh grade students were tested duiing

the week of October 5, 1978 with the Comprehensive Tests of Basic Skills

(CTBS),,. 1975 Edition, Level 2, Form S, Total Reading Test, (2) ninth grade

students were tested the week of September 25, 1978 withthe California

'Achievement Test (CAT), 1977 Edition, Level 17, Form C, Total Reading Test.

7
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Seventh and ninth grade students were pre- and posttested during the

1980-81 school year with the same form apd level of the CAT, 1977 Edition,

Form C, Totar Reading Test. Seventh grade students were administered

Level 17 and ninth grade students, Level 18 of the CAT. Both groups were

pretested during the first.three weeks of September 1980 and posttested

during the week of April 20, 1981. Since the pretest was administered

during the first three weeks of September and not within two weeks of the

norming dates, appropriate CAT interPolated norms were used (CTB/McGraw-

Hill, 1979). Use of interpolated norms was the only instance where

the present study varied from the requirements of the normreferenced

model.

Research Design

The confidence-interval model was selected for this study rather than

the hypothesis testing' model which has often been criticized by stati-s-

ticians (Kish, 1959; Savage, 1957; Tukey, 1954; Yates, 1951). Statistical

estimation appeared to be more appropriate than tests of significance

which would allow only the rejection of the null hypothesis. Furthetmore,

confidence ini.erval procedures tell the researcher "how much faith he can

place in his estimates and they indicate how much the N needs to be

increased to raise tha precision of estimates by particular amounts"

0

(Nunnally,'1960, p. 647). In summary,'the confidence interval approach

appeared to be more informative than the hypothesis testing model (Linn,

Note 1).
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Students were grouped into ten 10-percent intervals according to

percentiles of the selection test. Til-se ten,10-percent ).ntervals ranged

,from the.1-10 percentile interval to the 91-99 percentile interval. The

smallest'group consisted of 48 students.. within the 1-10 percentile

p4,

0 -

Y interval'of the seventh grade and the-largest group was 335 in the 91-99

percentile interval of the ninth grade. It was expected that selection

with a test other. than the pretest would reduce the regression effect

operating on the pre- and /posttest scores .

-Percencile scores of the pretest and kosttest were converted to

Normal Curve Equivalent (NCE) units. The NCE scale is a normalized

°

standard score scale ranging from 1 to 99 with a mean of 50 and a standard

deviation A 21.06. Norm-referenced gain.estimates were calculated by

subtracting the group's, fall-pretest NCE mean from the spring posttest NCE

mean. For each of tIce ten groups in the seventh snd ninth grade, these

gain estimates were calculated with accompanying 957 confidence intervals.
e

One can utilfze a confidence interval as a signifiCance test since

establishing a corifidence interval implies a test of significance (Edwards,-

1954). sFor'example, if the hypothesized population value falls outside the

95% confidence interval, then a test of significance with alpha at .05

would result in the xVe'ction of the null hypothesis.

According to the equipercentile hypothesis the parameter of interest

is zero since it,is hypothesized that there will be MO gain for students

who arer not receiving special educational programs'. The' 957 confidence

interval is constructed.so that there is 957 proba lity of including the

value Of the par':ameter between its limits.

9
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The most serious t1=eatment to a pre- posttest research design when-

interest is focused on low or high achieving students is the regression

effect, the. so-calied "ubiquitous'phenomenon" (Campbell & Stanley, 1963, p. 11).

Linn (1981, p. 94) succinctly explained the regression effect:

When students are selected according to their standing on some

indicator of achievement . . . the group will regress toward

the mean on any correlated measiire of achievement obtained at

a later point in time.; The lower the correlation between the

measure used for selectingoparticipants and the subsequent

measure, the greater the regression toward the mean.

Linn (1981) also noted that the pretest and the posttest scores will

regress toward the population mean even though a separate selection measure

is used. The magnitude of the regression effect would depend on the

correlation between the selection measure and subsequent measures. Glass

(as cited in Linn, 1981, p. 94) noted that the regiession effect for the

pretest will not equal the regression effect for the posttest. It could

be expected that the posttest would regress more toward the mean than the

pretest because the selection test would correlate less with the posttest

than it does with the pretest (Linn, 1981).

Results

The equipercentile hypothesis that the status of a "no-treatment"

group at posttest time would be the same as it was at prc!test time was not

supported by the findings, of this study. Contrary to the expectations of

the equipercentile hypothesis, posttest NCE means were consistently higher

than pretest NCE means. The differences between pre- and posttest NCE

'41
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means were large in many cases (for example 8.26 and 7.23 NCEs) and

fifteen of the twentyconfidence intervals failed to include the expected

parameter of zero. One may conclude that the percentile.status at the

posttest time was higher than the percentile status at pretest in most of

the cases.

In each ten percentile interval of the selection test, seventh grade

subgroups exhibited NCE mean gains from pretest to posttest. The meal. NCE

gain for all seventh grade students was 3.50. Mean gains of the subgroups

ranged from .06 (1-10 percentile interval) to 8.29 (21-30 percentile
4

interva). Seventh grade low achieving students tended to show greater

gains than higher achieving students with mean gains of the subgroups

generally declining linearly from the 11-20,percentile interval to the

91-99 percentile interval. Eight of the ten subgroups gains were statis-

c)

tically signifiCant beyond the .001 level (Cable 1). A visual presentation

of data showing mean gains with 957. confidence intervals plotted as a

function of the 10-percent intervals of the selection test is found in

Figure 1.

a

Insert Table 1 about here

Insert Figure 1 about, here

Ninth grade students ih each ten percent subgroup exhibited mean NCE

gains ranging from 1.55 to 2.70. 'Neither higher nor lower achieving
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students showed greater gains. Selien of the mean gains were significant ,

at the .05 level (Table 2). The ninth grade data are presented visually

in Figure 2 with mean gains and 95% confidence intervals plotted as a

funcon of the selection test 10-percent intervals. Overall the mean NCE

gain was 2,14 for,grade .(5 students.

Insert Table 2 about here

Insert Figure 2 about here

Cverall mean NCEs indicate the seventh and niath grade achievement was

above the national norms. The mean seventh grade NCE for the selection

test was. 59.24 (SD = 18.59), for the pretest was 58.61 (SD . 19.20), and

for the posttest was 62.11 (SD = 18.11). The correlation between the

selectipn test and the pretest was .86 and between the selection test and

the posttest was .85.

Ninth grade rec.ults were similar to the seventh grade results. The

mean ninth grade NCE for the selection test was 59.45 (SD . 19.14), for the

pretest was 58.89 (SD . 18.33) and for the posttest was 61.03 (SD . 18.86).

The correlation between the selection test and the pretest was .86, and

betweeh 'the selection test an&theeposttest was .84.-

The correlations between tht selection test and the pre- and posttests

appeared high considering there was a two-year period between the selection

test and the pretest. The distribution of scores of both the seventh and

.ninth grade students was somewhat skewed, indicating a large proportion of'
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- high achieving students. For example, of the seventh grade students,

107. scored in stanines 1-3 and 377. scored in stanines 7-9. This was not

unexpected as low economic level--low achieving schools were not included

in the analysis.

Often students are selected for Title I because they scored in

stanines 1-3 on some selection test. In an additional analysis three

groups were.foi'ffied based on stanines 1=3, of the selection

test to increase the generalizability of re0alts to Title I programs.

Furthermore, in the'previous analyses, the subgroups of 10-percent inter-

vals had widely varying standard deviations, lower selection, pretest/

posttest correlations, and lower reliabilities. By selecting students

from a larger Interval, it was hoped to approximate more the distribution

of scores in Title I evaluations.

Students in each of the three subgroups of the seventh and ninth

grades demonstrated mean gains. Of special relevance to Title I evalua=

tion, a mean gain'of 4.52 was exhibited by seventh grade students in

stanines 1-3 and a mean gain of 1.86 for ninth grade students in stanines

1-3 (Table 3).

- Insert Table 3 about:here

In summary, the equipercentile hypothesis did not appear to hold

across ten different ability levels, no clear pattern of greater biases

occurred with extreme groups, and large biases occurred in spite of the faCt

that the selection test was administered two years before student selection.
0

13
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Discussion

The tindings of this study contradict the no-treatment expectations

of the equipercentile hypothesis. Furthermore, these results are especially

convincing because they show a clear pattern for students' gains to be

overestimated. These findings are consistent with the regression hypoth-

esis that selection of students on a test other than the pretest will not

coffil5letely eliminate the regression effec,.s.

These findings are consistent with those of Echternacht (1978) who

found that Model A will overestimate gains. Kaskowitz and Norwood's (1977)

findings are not completely consistent with these findings although they

did find a tendency to overestimate gains for high pretest scoring students.

Because Kaskowitz and Norwood used cross-sectional norms, their findings

could be due to differences in the different norming samples. The present

finding of a consistent overestimation at each ability level is especially

convincing because the same students, tested on the same form and level of

the CAT, were compared with the longitudinal norms of the CAT. Moreover,

since students were not selected on the pretest, the overestimation of
-

gains is in agreement with the regression hypothesis that the posttest will,

regressliRoFe than the pretest. Tallmadge (1982) found a positive bias of

about 1 NCE f 1Low achieving students in the elementary school grades.

The present study found an even greater bias in the norm-referenced model

than did Tallmadge.

Generalitation of these findings to Title f students', gains is not

without some limitations. The present study included only seventh and
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ninth grade students. Students were selected into achievement groups on

the basis of a test administered two years before the pretest. Finally,

the present study employed interpolated norms to adjust for the pretesting

before the time of empirical norms.

The equipercentile assumption is the key assumption of the norm-

referenced model. Researchers have found a'tendency for a positive bias

----In-thia-asaumption. The present study is a straightforward test of the

equipercentile hypothesis in which a pattern of oVerestimation of gains

haS been found. These gains have been very large indeed, providing

empirical evidence seriously questioning the validity of the equipercentile

assumptiOn. These findings also strongly suggest that research employing

the norm-referenced model will find gains where none exist.



Reference Note

1. Linn, R. L. Personal,Communication, 1981.

Equipercentile

14

1



Equipercentile

15

Footnote

1The authors would like to express their appreciation to Robert L.

Linn who made helpful suggestions during the initial phases of this study,

to Darrell L. Sabers for his technical advice and constructive comments

during the preparation of this paper, and to Gary Estes for critiquing an

earlier Version of this naper. However, the opinions and conclusions

expressed hereinarethoseoftheauthors.

a
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Table 1

Mean Gains and 95 Percent Confidence Intervals for Ten

10-Percent Intervals of Seventh Grade Students

Interval N
Mean
Gain

Standard
Deviation

95 Percent Confidence
Intetnal

1-10 48_ .60 12.25 -2.95, 4.15

11-20 75 7.23 10.98 4.71- 9.76

21-30 55 8.29 13.29 4.71, 11.87

31-40 85 5.03 10.27 2.81, 7.25

41-50 119 4.67 8.74 3.08, 6.26

51-60 148 4.10 7.83 2.82, 5.38'

61-70 199 3.51 6.94 2.54, 4.48

71:80 205 2.37 6.70
, 1.45, 3.29

81-90 192 3..231 8.26 2.06, 4.04

91-99 201 1.11 8.71 - .10, 2.32

TOTAL 1327 3.50 8.86



1-10 11-20 21-30 31-40 41-50 51-60 61,,-,:70 71-80 81-90 91-99

CT8S PERCENTILE INTERVALS

Figure 1. Seventh grade students NCE mean gains on the California

Achievement Test with 95 percent Confidence Intervals

vs. ComprehenSive Tests of Basic. Skills

4,0
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Table 2

Mean Gains and 95 Percent Confidence Intervals for Ten

10-PerceAt Intervals of-Ninth Grade Students

Interval

Mean
Gain

Standard
Deviation

95 Percent Confidence
Internal

1-10 59 , 2.26 10:58 - .49, 5.01

11-20 85 2.42 12.31 -

21-30 112 1.55 9.29 - .19, 3.29

31-40 184 1.97 8.25 .77, 3.17

41-50 177 1.63 7.90 .45, 2.81

31-60 178 1.95 9.10 .60, 3.30

61.r70 225 2.42 7.64 1..42, 3.42

71-80 249 1.89 8.38 .89, 2.89

=,

81-90 293 2.70 8.59 1.71, 3.69

91-99 -. 335 2.19 9.68 1.15, 3.23.

'TOTAL 1897 2.14 8.91



c

-2-

1-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81I-90 91-99

CAT (LEVEL 17) PERCENTILE INTERVALS

Figure 2. Ninth grade student NCE mean gains on the California

Achievement Test (Level 18) with 95 percent Confidance'

Intervals vs. California Achievement Test (Level 17)
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Table

Mean Gains for,Severith and Ninth Grade Students

Grade

St'anine

Interval N

,

Mean
dain

.

Standard
. Deviation

Seventh 1"'3 131 4.52 11.83

4-6 710 4.18 8.49

7-9 . 486 2.24 8.30

Total 1-9 1327 3.50 8.86

Ninth 1-3 171 1.86 11.07

4-6 978 1.99 8.36

7-9 748 _2.39 9.06

Total 1-9 1897 2.14 8.91
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